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IHTRODUCiTlON 


I f~i^e>rtod  oJr^ 


The  Bureau  of  Aeronautlca  haa  contracted  with  Weatlnghou^,  Air  Arm 
Division,  for  analytical  services  to  be  used  in  a  sti^  to  eatlliiieli  the 
tactical  use  capability  of  the  f4h~1  and  p6U-3  Veajpdn  Systems.  ...Uils 
study  Is  conducted  under  the  technical  dlrectlon^^  the  Raved  Re^arch 
laboratory  with  all  inputs  derived  from  Ravy  sources.  WestinghouM,  using 
these  Inputs,  will  submit  analytical  results  to  the  Ravy.  Reoo^endatlons 
and  conclusions  to  be  drawn  from  analytical  i  mill  1 1  in  n  iisi^sBnTM  ii  be  a 
Ravy  responsibility  and  in  par>'tt;tv'’*^  1 1 the  technical 

dirpa*«l^\BRL)7  TO  report  is  the  seventh  in  a  series  directed  towaurd 
^e&rrylng  out  this  respoaslblllty. 


'In  Volumes  I  and  III  of  this  series,  the  effective  attack  zones  for 
perfectly  vectored, _co-altitude  att^ks  were  presented.  Selected  samples 
of  plots  of  parameter  variations  during  the  various  fire  control  runs 
were  presented.  This  volume  is  ^  continuation  of  the  parameter  plots 
for  these  co-altitude  attacks.  yAll  o*^>ie  runs  presented  are  for  the 
system  employing  the  current  AI  radsur  (AR/AFQ-^0  or  XR-2,  AR/AFQ-72). 

These  runs  originate  at  the  Kit  probability  of  detection  point  for  this 
radar  (12-13  naut  ml  head-^  against  B-Uj  size  taurget ) .  Alater  volume 
will  present  the  results  runs  made  with  a  system  ut^^MSO^the  im¬ 
proved  radar  (AR/APQ-72K 

The  study  results,  as  presented  to  date,  have  been  sAa^j^d  in'i^ 
study  phases  (sec  Volumes  I  and  III).  Table  I  is  a  8umnaMon%f  these 
stxidy  phases.  This  same  format  will  be  followed  in  preseslng^he  material 
of  this  volume.  Table  II  gives  an  index  of  figures  contaiMd  IM^hls 
volume.  Starting  with  Fig.  Ill  it  is  seen  that  the  remaining  fi^^es 
are  grouped  consistent  with  the  format  given  on  Table  I.  Bach  of 
major  categories  are  indicated  by  tabs  along  the  edge  of  the  report  71 


DBFIRITIOH  of  PARANBTER8 


Since  this  volume  is  restricted  to  those  phases  of  the  study  which  are 
related  to  perfectly  vectored  co-altitude  attacks,  the  parameters  which 
are  investigated  ax«  those  associated  with  target  and  interceptor  motion 
during  this  type  of  engagement.  The  parameters,  for  which  gi-aphs  showing 
the  variation  during  the  co-«U.titude  attacks  are  given  in  this  volume, 
are  defined  as  follows: 
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R  ■  Range  batvean  Intaroaptor  and  target  position 

T  <■  Tlae  elapaed  frm  AI  radar  detection  (t^) 

Xa  -  Azlautb  glJibal  angle.  Thin  la  the  angle  betveen  the 
radar  glabal  aeohanloal  axis  (RQNA)  and  the  line  of 
sight  (LOS)  In  the  plane  of  the  aalauth  glabal 

Xq  >  Blevatlon  glabal  angle.  This  la  the  angle  between  the 
reidar  glabal  aeohaaloal  axis  (RCMA)  and  the  line  of 
sight  (LOS)  In  the  plane  of  the  elevation  glabal 

X^  >  Rate  of  chenge  of  azlauth  glabal  angle 

X^  ■  Rate  of  change  of  elevation  global  angle 

X  »  Total  lead  angle  (angle  between  line  of  sight  to  target 
and  line  of  flight  of  the  Interceptor) 

'tT  >  Target  aspect  angle  (angle  betveen  the  line  of  sight 
to  the  teorget  and  line  of  flight  of  the  target) 

>  Angle  betveen  the  space  reference  vector  and  the  Inter¬ 
ceptor  velocity  vector 

(Dj  ■  Angular  rate  of  the  line  of  sight  In  the  elevation  plane 
of  the  antexma 

L/v  m  Load  factor 

a  a  Roll  angle 

Vp  ■  Fighter  velocity 

a  ■  Fighter  angle  of  attack.  This  Is  the  angle  betveen 
the  path  fraise  reference  line  (FRL)  and  the  fighter 
flight  path 
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PHASE  I-STBISM  FERTORNAHCB  SBIIER  IDEAL  CQMDiriORB-HORZZOirrAL  AITACXB 

Following  the  foziaat  uaad  In  presenting  study  results  to  data,  the 
first  case  for  which,  parameter  plots  will  be  given  is  that  of  horlaontal 
attaoks  under  "ideal"  conditions. 

Figure  I  gives  a  pictorial  representation  of  the  perfectly  vectored 
co-altitude  attack.  The  target  in  the  illustration  is  assumed  to  be  noni- 
maneuverlng  (cases  for  maneuvering  targets  viU  also  be  included  later 
in  this  volume).  The  interceptor  is  assumed  to  start  on  a  perfectly 
vectored  lead  pursuit  course.  On  this  sketch,  X  (total  glmbal  angle), 
it)  the  angle  between  the  line  of  sight  (LOG)  fleeter  to  target  auod  the 
line  of  flight  of  the  fighter.  is  the  aj^e  between  the  target  head¬ 
ing  and  the  LOS  target  to  fighter.  will  be  referred  to  in  the  remainder 
of  this  document  as  initial  target  aspect  angle  (aspect  angle  at  AI  radar 
detection).  Figure  II  shows  the  ccurses  flown,  relative  to  the  target,  by 
the  interceptor  during  a  particular  situation.  Along  these  courses  the 
interceptor  heading  is  shown  by  vectors. 

The  conditions  listed  on  Table  I  describe  the  speed  and  altitude  cases 
of  Interest.  Peurtlal  results  for  these  cases  are  given  in  Volumes  I  and  II 
of  this  series .  This  phase  of  this  volume  lA  intended  q><  a  continuation  of 
these  resulcs. 

Interceptor  at  Vmay  at  AI  Radar  Detection 

In  Volume  I  the  effective  attack  zones  and  associated  parameter  plots 
for  horizontal  attacks  against  a  nonmaneuverlng  target  at  30,CXX}  ft  and 
50,000  ft  where  V^p/Vp  ■  1.0,  0.8,  and  0.45  (Vj  ■  target  velocity,  Vy  ■ 
fighter  velocity  ■  '^max)  were  given  emd  will  not  be  repeated  here.  Ib 
Volume  III  the  effective  attack  zones  and  associated  parameter  plots  for 
horizontal  attacks  against  a  nonmaneuverlng  target  at  1000  ft  where 
V^/Vp  -  0,8  (Vp  “  Vjugjj)  were  given  and  also  will  not  be  rep^^ted. 

Figures  III  and  IV  are  copies  from  Volume  III  of  effective  attack 
zones  for  the  ideal  horizontal  attack  conditions  for  engagements  occurring 
at  1000  ft  altitude  for  speed  ratios  of  Vt/Vf  ■  1.0  and  0.45.  These  are 
repeated  here  so  that  the  reader  can  qxilokly  correlate  the  parameter  plots 
with  the  corresponding  Interceptor  courses  on  the  polar  plots  depicting 
the  effective  attack  zones. 
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The  polar  plot  of  Fig.  Ill  shovB  the  ef festive  attack  tone  for  hori¬ 
zontal  attaoka  ooourring  at  loCX)  ft  altitude  under  Ideal  oondltloM. 
Detailed  desorlptlon  of  the  polar  plota  for  each  condition  studied  has 
been  given  previously  In  Volunes  I  axtd  HI.  Eowever,  a  general,  descrip¬ 
tion  of  this  first  polar  plot  (Fig.  Ill)  Is  repeated  at  this  point  to 
assist  the  reader  In  utilising  subsequent  poleo*  plots  and  associated 
parameter  variation  graiihs. 

For  the  situation  vhlch  resulted  In  the  effective  attack  sone  shown 
on  Fig.  Ill  the  attack  occurred  at  1000  ft.  The  Interceptor  velocity 
1b  1189  ft/sec  and  V^/Vp  -  1.0.  The  Interceptor  was  assunad  to  be  on 
a  perfectly  vectored  lead  pursuit  cowse.  The  target  Is  nonmaneuvering. 
Curve  A  gives  the  8^^  probability  of  detection  range  for  the  current 
radar  (AM/APQ-50  or  TII-2,  AE/APCi-72).  (Xurve  B  glveft  bhe  range  at  AI 
radar  lock  on  time  (estimated  as  10  sec  after  detection  throughout  the 
study).  The  curve  labeled  C  represents  the  Sparrow  III  maximum  aero¬ 
dynamic  range  (interlock  equation)  and  the  curve  labeled  D  represents 
the  Sparrow  III  aerodynamic  range  (interlock  equation).  Curve  R 

describes  the  constant  load  factor  boundary  for  -  3*  90^  cumula¬ 

tive  probability  of  Sparrow  III  seeker  lock-on  range  la  given  by  Curve  F. 
SpaxTow  III  Is  currently  further  limited  by  a  6. 5  naut  ml  Interlock  which 
Is  shown  by  Curve  0.  The  effective  attack  zone  Is  that  bounded  by  the 
heavy  curve.  The  trajectories  for  each  Interceptor  course  Investigated 
are  shown.  These  courses  originated  from  X  ■  0®,  30°,  6o°,  70.8°,  90°, 
120°,  euad  150°.  The  Interceptor  Is  restricted  to  a  3g  turn.  Referring 
to  the  figure.  It  Is  seen  that  vhe  usable  approach  courses  are  those 
between  30^  and  approximately  70°  off  the  target's  nose.  The  numibere  on 
each  of  the  trajectories  represent  the  time  elapsed  from  (AI  radar 
detection) . 

Referring  to  Table  II  (Index  of  figures)  It  Is  seen  that  the  para¬ 
meter  plots  have  been  grouped  under  the  basic  polar  plot  for  the  target 
and  Interceptor  conditions  of  Interest.  For  example.  Figs.  III-l  thru 
III-l4b  give  the  parameter  variations  for  each  of  the  interceptor  tra- 
Jeoiories  given  on  the  polar  plot  of  Fig.  III.  (Trajectory  for 
not  given.) 

With  the  preceding  background  Information,  It  Is  now  of  Interest  to 
Investigate  the  actual  parameter  plots.  A  coeqplete  description  of  the 
first  family  Is  In  order  as  an  assist  to  the  reader  in  using  the  remain¬ 
ing  graphs.  Throughout  this  report  the  first  parameter  plot  of  each 
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foully  vlU  show  tho  resulting  variation  In  range  versus  tlae.  This 
is  presentou  nut  only  to  iuufif  varlatlcs  in  range,  but  In  order  that 
ready  transformation  of  the  data  on  the  subsequent  graphs  can  be  made 
(scoe  of  the  parameters  are  plotted  versus  time,  others  versus  range). 
In  addition,  on  the  range  versus  tin  ;  plot,  the  following  points  are 
labeled: 


6  ■ 

®  *  Smln 

X  ■  Ihipaat  for  missile  launch  at  BqiIq 
0  .  Vw  ■  3 

These  labeled  points  can  then  be  transferred  readily  to  the  other  para¬ 
meter  plots  In  the  associated  family. 

As  far  as  possible  two  graphs  have  been  Included  on  one  sheet  and 
thus  under  one  figure  ntuaber.  For  example,  Fig.  III-l  consists  of  two 
graphs  which  give  the  resulting  range  variation  as  a  function  of  time 
for  the  Interceptor  trajectories  of  Fig.  III.  The  top  graph  gives  the 
range  variation  for  trajoctorles  starting  at  tTo  -  30°,  60®,  70.0®,  120°, 
and  130°.  The  lover  graph  gives  the  range  variation  for  the  case  of 
'^0  •  90°.  Referring  to  the  parameter  plots.  It  Is  seen  that  for  'Cc  • 
30°,  Rmv  Is  reached  at  5-0  seconds  after  detection  (range  ■  23,500  f*)* 
Rg^  Is  reached  at  12.2  seconds  after  detection  (range  *  8000  ft).  T» 
point  of  Impact  (arbitrarily  chosen  for  a  missile  launched  at  Ruin) 
seen  to  occur  at  I5.0  seconds  after  detection.  In  following  the  required 
lead  pursuit  course  the  Interceptor  encountered  It/M  n  3  conditions  at 
13^5  seconds  after  detection  (range  >  6OOO  ft).  For  the  case  of  ■ 
occurred  at  10  seconds  after  detection.  However,  ^in 
never  reached,  thus  this  point  and  the  corresponding  Impact  point  Is  not 
plotted.  In  following  the  required  lead  pursuit  course  the  Interceptor 
never  encountered  l/w  -  3.  Referring  to  the  curves  for  “ift  ■  70- 8°,  90°, 
120°,  and  150°,  It  is  seen  that  none  of  the  points  described  previously 
are  labeled,  for  these  conditions,  Rmax  vas  never  reached.  Reference 
to  fFlg.  Ill  will  Indicate  graphically  the  same  factors  brou^t  out  above. 
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Figure  ITI-2  gives  curves  showing  the  variation  in  azimuth  glmbai  angle 
(Xa)  as  a  function  of  range.  Referring  to  the  course  for  ■  30°,  It  Is 
seen  that  the  azimuth  glmbal  angle  varies  from  -p*at  the  range  for  missile 
Impact  to  approximately  -15°.  For  the  case  of  "  60°  the  variation  Is 
from  -9°  to  -25°  during  the  run. 

The  curves  of  Fig.  III-3  give  the  resulting  variation  in  elevation 
glmbal  angle  (X^)  as  a  function  of  range.  For  the  case  of  ■  30°,  the 
elevation  glmbal  euigle  raries  from  -4°  at  the  start  of  the  run  to  -26° 
at  the  range  for  missile  Impact.  It  la  Interesting  to  note  that  in  flylrg 
a  lead  pursuit  trajectory  much  of  the  glmbal  angle  requirement  Is  trans¬ 
lated  Into  the  elevation  axle  because  of  the  roll  of  the  interceptor. 

Figures  III-4b  thru  lll-4c  give  the  rate  of  change  of  azimuth  glmbal 
angle  (X^)  as  a  function  of  range.  For  to  ■  30°,  X'a  vaurles  from  0  deg/sec 
to  approximately  I.9  deg/sec.  Figures  III-5a  and  III-5b  give  the  rate 
of  change  of  elevation  glmbal  angle  (Xe)  as  a  function  of  range.  For 
'^0  ■  30  >  Xe  varies  from  -O.5  deg/sec  to  -5  deg/sec. 

The  curves  of  Fig.  III-6  give  the  total  lead  angle  (X)  as  a  function 
of  range.  These  curves  show  the  combined  effects  of  Figs.  Ill- 3  and  III-U. 
Figure  III-7  gives  the  target  aspect  angle  (T)  as  a  function  of  range  for 
the  corresponding  trajectories  of  Fig.  III.  The  heading  angle  (  )  as  a 

function  of  range  is  shown  on  Fig.  III-8. 

Figure  III-9  givaa  the  azimuth  antenna  rate  (cdjj)  versus  range.  For 
the  ease  of  to  ■  30°,  ook  varies  from  0.4  deg/sec  to  1.2  deg/sec.  The 
elevation  antenna  rate  (mj)  versus  range  is  shown  on  Fla.  Ill-lOa  and 
Fig.  Ill  -10b .  Again  referring  to  the  curve  for  tTg  ■  30°»  it  i*  •cen  that 
(oj  varies  from  0  deg/sec  at  the  start  of  the  run  to  6  deg/sec  at  the 
range  for  missile  Impact. 

Load  factor  (l/w)  versus  range  Is  given  by  Fig.  III-ll.  The  curves 
of  this  figure  Illustrate  the  "g"  build-up  as  the  attack  progresses.  As 
was  stated  previously,  one  of  the  barriers  in  the  overlays  depicting  the 
effective  attack  zones  Is  the  locus  of  points  described  by  l/w  ^  3* 

Figure  III  -12  gives  the  variation  in  roll  angle  (s)  versus  range. 

As  can  be  seen  from  these  plots,  for  the  perfect  situation  (1000  ft 
altitude  attacks),  roll  angles  of  70°  and  higher  can  be  expected.  Figure 
III-I3  gives  plots  of  Interceptor  velocity  (Vp)  as  a  function  of  time. 
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These  exudes  Illustrate  the  slowdown  of  the  interceptor  idille  on  the 
approach  course.  The  curves  of  Fig.  Ill-lUa  and  Fig.  III-'l4b  show  the 
angle  of  attack  (a)  as  a  function  of  tine.  For  the  case  of  -  30  « 
a  St  the  beginning  of  the  run  is  approxiaately  1°  and  at  10  seconds 
after  detection  starts  bxiildlng  up  rapidly. 

Figure  IV  gives  the  co-altitude  lead  pursuit  attack  sone  overlay 
for  attacks  occurring  an  1000  ft  altitude  where  the  speed  ratio  (V>p/Vf) 
is  0.45  Gxnd  the  Interceptor  starts  the  engageaent  at  ^inax*  The  corres¬ 
ponding  paramener  plots  sire  given  on  Figures  IV-l  thru  17-14. 

Interceptor  Under  Conditions  at  AZ  Radar  Detection- Increased 

Thrust  at  Detection 

In  Volune  IIIp  the  co-altitude  lead  pruauit  attack  sone  overlays 
for  conditions  where  the  interceptor  starts  the  attack  (AI  radar  detec¬ 
tion)  under  Vcruj,ae  conditions  and  increased  thrust  is  then  applied  were 
given.  These  overlays  are  repeated  here  by  Figs.  V,  VI,  VII,  VIII,  and 
IX.  The  corresponding  parameter  plots  for  the  Interceptor  trajectories 
are  grouped  following  each  of  the  related  attack  zone  overlays.  For 
example.  Fig.  V  gives  the  attack  zone  overlay  for  attacks  occurring  at 
50,000  ft  edtltude.  The  target  velocity  is  1940  ft/sec.  The  interceptor 
starts  the  attack  at  (^73  ft/sec).  M^lmum  thrust  is  applied. 

The  corresponding  parameter  plots  are  given  by  Figs.  V-1  thru  V-l4. 

PHASE  II-SYSTKM  CAPABILEPIES  FOR  EHAP-UP  ATTACK  UTOKR  IDEAL  CORDETIOBS 

The  results  of  this  phase  of  study  are  detailed  In  Volumes  I  and  III. 

The  related  peurameter  plots  are  given  in  Volume  VIII. 

phase  III-F4H-1/P8U-3  WEAPOH  COHTROL  systems  PEHFffflMAHCE  URDER  EXEBCTTZ!) 

TACTICAL  COHDITIORS 

In  Volume  III  of  this  series,  the  results  of  the  investigation  of 
the  effects  of  target  maneuver  on  the  tactical  use  capability  of  Sparrow  III 
vere  detailed.  For  this  phase  of  the  study,  the  target  maneuver  was  assumed 
to  start  at  Al  radar  detection  and  consisted  of  a  Ig  lateral,  turn,  which 
crisscrossed  the  desired  flight.  The  maximum  devlatlorv  of  target  heading 
from  thin  path  is  30^.  The  polar  plots  shewing  the  effective  attack  zone 
for  the  co-altitude,  perfectly  vectored  situation  are  repeat  xd  here  as 
Figs.  X  and  XL.  The  attack  altitude  was  30,000  ft  and  V>j/Vj‘  ■  0.8  where 
Vp  ■  1897  ft/sec.  Figure  X  gives  the  results  for  a  target  maneuver  ini¬ 
tially  to  the  right.  Figure  XI  gives  the  results  for  a  teirget  maneuver 
initially  to  the  left.  The  corresponding  parameter  variations  are  given 
by  Figs.  X-la  thru  X-l4e  and  Figs.  XI-1  thru  XI-l4c. 
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Th«  data  prasented  In  this  report  represents  a  eontlnuatlon  of 
-the  results  of  the  Ba-vy's  Alr-to-Alr  Missile  Study  Arognui. 

The  analytical  results.  Including  those  froa  vhlch  the  figures 
vere  derived,  are  the  results  of  the  ecaputatlon  vork  underway 
at  Vestlnghouse  Air  An  Division.  The  authors  would  like  to 
thank  the  Ansdytloal  lection  of  this  division  for  their  aajor 
contribution  to  this  report.  In  addition,  the  authors  would 
like  to  thank  Laurence  F.  Ollehrlst  of  the  Squlpsunt  Beseareh 
Branch,  Kaval  Research  Laboratory  for  his  assistance  in  the 
preparation  of  this  report. 
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PHASE  I 


OUTUNB  OF  NAVY  AIR-TO-AIR  MI3SI12  SYSTEM  STUDY  FROGERAM 


System  Performance  Uhder  Ideal  Conditions 

A.  Aircraft  CSoaracterlctlcs 

1.  F4h-1 

2.  f8u-3 

B.  Alt  ^ades  (co-altitude  case) 

1.  1000  feet  or  less 

2.  30,000  feet 

3.  50,000  feet 

C .  Interceptor  Velocity 

1.  FUH-1  at  altitude  fv^  &  VgruiBe) 

2.  f8U-3  at  altitude  &  Vg^ise) 

D.  Target  to  interceptor  speed  ratio  for  interceptor  at  Vjjgjj 

1.  0.45] 

2.  0.8  >Some  cases  may  be  trivial  and  will  not  be  used 

3.  1.0  J 

Target  speed  resulting  from  above  will  be  used  for  inter¬ 
ceptor  at  Vgj.uiBe 

E.  Conditions 

1.  Perfect  vectoring 

2.  Stral^t  line  flight  path 

3.  Current  AT  detection  capability 

4.  B-47  size  target 

5.  Preparation  time  -  two  cases  datennined  by  study 

6.  Sparrow  III  -  capability  of  current  seeker  is  to  be  used 

7.  Sparrow  III  -  aerodynamic  capability  of  current  missile 
is  be  used 

8.  Gimbal  angle  limits  in  f4h-1  and  f8U-3  aircraft 

a.  APQ-72 

b .  Seeker 
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9»  IlluainAticQ  asasideraticn  -  ^racsetry  of 
keeping  'both  target  and  nlsslle  lUunlnated. 
lUuailnatlon  reqLulreiDants  to  be  deteralned  by 
study. 

PHASE  II  System  Snap-i^  Performance  Under  Ideal  Conditions 

A.  A^  C,  D,  and  E  -  same  as  Phase  I 

B.  Altltiides  (anap-up  case) 

1.  Tafget 

a.  30,000  feet 

b.  50,000  feet 

c.  65,000  feet 

2.  Interceptor  Altitude  -  To  be  determined  by 
study  of  system  capability. 

PHASE  III  System  Performance  Under  Eacpected  Tactical  Conditions 

A.  Target  maneuver 

B.  Vectoring  accuracy 

C .  Weather 

D.  Limits  In^rased  by  interceptor  tactics 

1.  Climb  capability 

2.  Endurance 

3.  Dead  time 

E.  Countermeasures 

1.  Airborne  weapons  system 
♦ 

PHASE  rv  System  Performance  Under  Expected  Tactical  Conditions 
With  Addition  of  Currently  Proposed  Improvements 

A.  Iiprovements  proposed: 

1.  Search  Volume  optimization 
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TABU  n 
UDBC  or  Fioans 

FXQURB  I  UAD  PURSUIT  FKOFIU 

FIOORB  II  UAD  PURSUIT  TRAJRCTOBIBS 

FSnBB  III  CO-AIffZrUDB  UAT  PUBSU]CI  ATTACK  ZOIB  OFIKIAI 

V7  -  1189  ft/aee  Vp  »  II89  ft/see  AltltuAe  ,  1000  ft 
(Initial  Target  Aepect  Angle  to  -  30°,  60®,  70.8®,  90®,  120®,  I50®) 

Fig.  III-l  Range  ve  Tloe 

Fig.  III"2  Azlauth  Olaibal  Ai^le  yb  Range 

Fig.  III-3  Blevatlon  Olaibal  Angle  tb  Range 

Fig.  III-4a  Rate  of  Qiange  of  the  Aztauth  Olaibal  Angle  vs  Range 

(<0  -  30®,  to®) 

Fig.  III-4b  Rate  of  Change  of  the  Azlouth  Olsabal  Angle  vb  Range 

( to  -  70.8V  90®) 

Fig.  Ill>4e  Rate  of  Change  of  the  Azlnuth  Olaibal  Agnle  rs  Ran^s 

(<0  -  120®) 

Fig.  III-3a  Rate  of  Change  of  the  Blevatlon  Olabal  Angle  vs  Range 

(<o-  30®.  to®,  70.8°) 

Fig.  III-5b  Rate  of  Change  of  the  Elevation  Olabal  Angle  vs  Range 

(to  -  90®,  120®) 

Fig.  III-6  Tot  i.  Lead  Angle  ve  Range 

Fig.  III-7  Target  Aspect  Angle  vb  Range 

Fig.  III-8  Heading  Angle  ve  Range 

Fig.  III-9  Aelanth  Antenna  Bate  vb  Range 

Fig.  Ill-lOa  Elevation  Antenna  Rate  vs  Range  (tj)  *  30®,  to®) 
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oO  QrtO  iRr>0\ 

Xil-IUD  slvTation  Antenna  tmnA  r»  Bmagp  \  «»#  ■■  iv*w  ,:fv  / 

III-ll  Load  Factor  yb  Rani^ 

III-12  Roll  Angle  ve  Range 

III- I3  Fighter  Speed  yb  Tine 

m-lUa  Angle  of  Attack  ve  Tijae  (“to  ■  30®»60*»70.8®,120®,150®) 

in-lUb  Angle  of  Attack  vs  Tine  (f«  >  90*^) 

FIDURB  IF  CO-AUnrOEB  IRAD  PURSUIf  ARACK  ZOHB  OFIRLAT 

V«r  -  533  ft/sec  V*  -  II89  ft/eec  Altitude  -  1000  ft 
(Biltlal  Target  Aspect  Angle  tTo  •  30°»  80”»  90®>  120  »  150  ) 

17-1  Range  vs  Tina 

ZV-2  Aslmth  01nd>al  Angle  vs  Range 

Z7-3  Elevation  Olaibal  Angle  vs  Range 

IV- 4a  Rate  of  Change  of  the  Aalauth  Olnbal  Angle  vs  Range 

(to  -  30®,  60®) 

I7-4b  Rate  of  Change  of  the  Aslnuth  Olabal  Angle  vs  Range 

(to  -  90®,  120®) 

I7-hc  Rate  of  Change  of  the  Aslauth  Oiabal  Angle  vs  Range 
(to  -  150®) 

I7-5a  Rate  of  Change  of  the  Elevation  Olabal  Angle  vs  Range 

(to  -  30®,  60®,  90^) 

I7-5b  Rate  of  Change  of  the  Elevation  Olabal  Angle  vs  Range 
(  To  -  120®,  150®) 

17-6  Total  Load  Angle  vs  Range 
17-7  Target  Aspect  Angle  ve  Range 
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Fig.  IF-8 
Pig.  Iv-9* 

Fig.  IV- 9b 
Fig.  IV-lOa 
Fig.  IV-lOb 
Fig.  IV-lOe 
Fig.  ZV-lla 
Fig.  IV-llb 
Fig.  W-llc 
Pig.  IV-12 
Fig.  IV-13 
Fig.  IV-l^^ 

FZOOiai  V 
VT 

Fig.  V-1 
ig.  V-2 
Fig.  V-3 
Fig.  V-** 

Fig  V-5 
n-  v-6 


Beading  Angle  ti  Range 

Axiauth  Antenna  Rate  vs  Range  ■  30^t  90*’} 

Asimth  Antenna  Rate  ve  Range  ( >  120°,  190°) 

Rlevation  Antenna  Rate  ve  Range  (i^  ■  30°,  60°) 

BleTation  Antenna  Rate  ve  Range  (t^  ■  90°,  120°) 

Sleratlon  Antenna  Rate  ve  Range  •  190°) 

Load  Factor  ti  Range  (f^  >  30°,  60°) 

Load  Factor  vs  Range  -  90°,  120°) 

Load  Factor  vs  Range  (To  ~  3*90°) 

Roll  Angle  vs  Range 

Fighter  Speed  vs  Tine 

Angle  of  Attack  vs  TIm 

CO-AXffZFOOR  LIAD  HB8UII  AfTAGK  ZOB  OVXRIAY 
>  1940  ft/seo  Vp  ■  873  (Veruiee~I^<>F*M«^  Thrust  at 
Detection)  Altitude  ■  90,000  ft 
(Initial  Target  Aspect  Angle  T,  •  30°,  60°) 

Range  rs  Tlae 

Asinuth  Olabal  Angle  vs  Range 

Elevation  Olnbal  Angle  vS  Range 

Rate  of  Obange  of  the  Aaiauth  Oijebal  Angle  vs  Range 

Rate  of  Change  of  the  Rlevation  Oiabal  Angle  vs  Range 

Total  Lead  Angle  vs  Range 
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Fig.  V-7 

Target  Aspect  Angle  rs  Bangs 

Fig.  V-8 

Heading  Angle  ts  Bangs 

Fig.  V-9 

Aslauth  Antenna  Bate  ts  Bangs 

Fig.  V-10 

Blevatlon  Antenna  Bate  ts  Bangs 

Fig.  v-n 

Load  Faotor  ts  Bangs 

Pig.  V-12 

Boll  Angle  ts  Range 

Fig.  V-13 

Plghter  Speed  ts  Tine 

Fig.  V-l4 

Angle  of  Attack  ts  Time 

rmvn  vi  oo-AXffuniDB  had  FGRsuir  arack  zob  ovniAx 

Vt  «  13^2  ft/teo  Vp  -  873  ft/s«o 

Thrust  at  Dstsetlon)  Altitude  «  3O,0CX)  ft) 
(Initial  Target  Aspeot  Ax\gle  tTo  -  30®,  60®,  $0®) 

Pig.  Vl-la 

Bangs  TS  TIm  (r^  -  30®,  60®) 

Pig.  Tl-lb 

Range  ts  Tims  (tTo  -  90®) 

Pig.  VI-2 

Aalsnxth  Qlsibal  Angle  ts  Range 

Pig.  Vl-3 

BlsTatlon  Oinibal  Angle  ts  Range 

Pig.  VI-4a 

Rate  of  Change  of  the  Azlauth  Olabal  Angle  ts  Range 

(To  -  30®,  60®) 

Pig.  Vl-lrt) 

Rate  of  Change  of  the  Aslnuth  Oinibal  Angle  ts  Range 
(%  -  900) 

Pig.  VI-5a 

Rate  of  Change  of  the  BlSTatlon  Olahal  Angl'i  rs  Range 

«  -  30V^) 

Pig.  VI-5b 

Rate  of  Change  of  the  BleTStion  Oimbal  Angle  ts  Bangs 
(To  -  900) 
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Fig.  VI-6  Total  Laad  Angla  ra  XaagA 

Fig.  VI-7  Target  Aapeot  Angle  rm  Bauge 

Fig.  Vl-d  Heading  Angle  va  Range 

Fig.  VI-9  Aalnuth  Antenna  Rate  Tt  Range 

Fig.  VI-10  Xlevatlon  Antenna  Rate  va  Range 

Fig.  VI-U  Load  Factor  ti  Range 

Fig.  VI-12  Roll  Angle  vs  Range 

Fig.  VI-13a  Fighter  Speed  vs  Titte  -  30®,  60®) 

Fig.  VI-13b  Fighter  Speed  vs  Tlae  (fg  -  90®) 

Fig.  VI- 14  Angle  of  Attack  vs  Tlae 

FISOBH  VII  CO-AUriTUDB  IRAD  FORSUIS  ATTACK  ZOIS  OVXRLAI 

Vt  -  873  ft/sec  Vp  -.873  ft/sec  (Vcrulse-]^»***ed 
Thrust  at  Detection)  Altitude  ■  30.OOO  ft 
(Initial  Target  Aspect  Angle  ■  30®,60®,90®,12C®,150  ) 

Fig.  VII-1  Range  vs  Tlae 

Fig.  VII-2a  Aslauth  Olabal  Angle  vs  Range  •  30®,  60®,  90®) 

Fig.  VII-2t>  Aalnuth  aiabal  Angle  vs  Range  (t^  -  120°,  1^®) 

Fig.  VII- 3  Elevation  Qlnbsd  Angle  vs  Range 

Fig.  VII-4a  Rate  of  Change  of  the  Aslsuitb  Olabal  Angle  vs  Range 

(  -  30°,  60®) 

Fig.  VII-4b  Bate  of  Change  of  the  Axlauth  Olabad  Angle  vs  Range 
( To  -  90®,  WO®) 

Fig.  VII-4c  Rate  of  Change  of  the  Axlauth  Olabal  Angle  va  Range 

(To  -  150®) 


1? 


CORFinORIAL 


ooviiiimnsa 


irxg* 

Fig.  VII- 5b 

Fig.  VII~6 
Fig.  VII-7 


SfibS  of  jft8rig6  of  MiO  SlavWtiOB  SlSunw.  AiigiS  V8  — 

( -  30®,  60®) 

Rate  of  Change  of  the  Bleyatiom  Cijuibal  Angle  va  Range 
(  'Co-  90°,  120®,  150°) 

Total  Lead  Angle  ve  Range 

Target  Aspeot  Angle  ve  Range 


Fig.  Vll-d  Heading  Angle  va  Range 

Fig.  VII-9a  Axiauth  Antenna  Rate  ve  Range  (To  -  30°,  60°) 

Fig.  VII-9b  Asinuth  Antenna  Rate  ve  Reage  (T^  •  90®,  120®,  150°) 

Fig.  Vll-lOa  Rlevation  Antenna  Rate  va  Range  ( «  30®,  60®) 

Fig.  Vll-lOb  elevation  Antenna  Rate  va  Range  (To  -  90®,  120°) 

Fig.  VII- lOo  Rlevation  Antenna  Rate  va  Range  (to  ■■  ^50°) 

Fig.  Vll-lla  Lead  Factor  va  Range  (%  -  30°,  60°,  90®,  120°) 

Fig.  VII- Ub  Load  Factor  va  Range  {%  •  150°) 


Fig.  VII-12  Roll  Angle  va  Range 

Fig.  vn-13a  Fighter  Speed  va  TIm  (t*  -  30®,  60°,  90°) 
Fig.  VII-13b  Fighter  Speed  va  Tine  (r,  -  120°,  150°) 

Fig.  VII- lUa  Angle  of  Attach  va  Tiae  (T,  -  30°,  60°,  90°) 
Fig.  VII-l4b  Angle  of  Attack  va  Tiae  (T^  -  120®,  150®) 
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Fxouu  VIZI  co-AXffizax  LU9  ymsaxs  axtack  zob  o^tbiax 

Vm  -  1697  ft/s«0  T,  -  89A  ft/s*o  (Tox^a,-£MrMUi«d 

Thrust  at  Dataotion)  Altituda  ■  30^000  ft 
(Initial  Target  Aapeet  Angle  Xo  -  30°) 

Fig.  VIZI-1  Range  ts  TIm 

Fig.  VIII-2  Ailjnith  aiaibal  Angle  ts  Range 

Fig.  VIII-3  Blavatioii  Olabal  Angle  vs  Range 

Fig.  VIII-4  Rate  of  Change  of  the  Asiwith  OlJdBal  Angle  vs  Range 

Fig.  VIZI-3  Rate  of  Change  of  the  Slevatlon  Qinbal  Angle  vs  a»»gr 

Fig.  VIII-6  Total  lead  Angle  vs  Range 

Fig.  VIII-7  Target  Aspect  Angle  vs  Range 

Fig.  Vlll-d  Heading  Angle  rs  Range 

Fig.  VIII-9  AalsMth  Antenna  Rate  vs  Range 

Fig.  VIII-10  Slevatlon  Antenna  Rate  vs  Range 

Fig.  VIII-U  Load  Faotor  vs  Range 

Fig.  VIII- 12  Roll  Angle  vs  Range 

Fig.  VIII-13  Fighter  Speed  vs  Tlae 

Fig.  VIII- lU  Angle  of  Attack  vs  Tina 

FIOVRB  IZ  CO-AIffiraa  ISAS  FSUBDS  ATTACK  ZOB  OVIRLAI 

V^  -  1318  ft/seo  Vp  -  89^  ft/see  (Vofu^g^-Lioreased 
Thrust  at  Detection)  Altitude  -  30,000  ft 
(initial  Target  Aspect  Angle  ■■  30°,  60**,  90°) 

Fig.  IX-la  Range  vs  Tlw  -  30°,  60°) 

Fig.  IZ-lb  Range  vs  Tine  (to  -  90°) 
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yi«. 

S-2 

Aslmth  Oiiftal  Aagla  ts  laage 

ri«. 

IX-3 

Sleratlob  aijd>al  Angla  r»  Bang# 

n<. 

IX-U 

Rata  of  Cbanga  of  tba  Aslonitb  Olj^bal  Augla  ra  Raaga 
(t^-  30°,  60°) 

ri«. 

ZX-4b 

Rata  of  ^***"gi»  of  tba  iUlwtb  aijd>al  Angla  vs  Raoga 
(ti.-  90°) 

rig. 

n-^a 

Rate  of  CStaoga  of  the  Blevatlon  OiJbbal  Angle  vs  Range 
(-Co  -  30°,  60°) 

rig. 

n-5b 

Rate  of  CSiange  of  the  Rlcvatlon  Oiabal  Angle  vs  Range 
(To  -  90°) 

rig. 

XX-6 

Total  Lead  Angle  vs  Range 

ng. 

ir-7 

Target  Aspect  Angle  vs  Range 

ng. 

lX-0 

Heading  Angle  vs  Range 

rig. 

IX-9 

Axlauth  Antenna  Bate  vs  Range 

Fig. 

IX-lOa 

Slevatlon  Antenna  Rate  vs  Range  (  30°,  60°) 

Fig. 

IX-lOb 

Blevatlon  Antenna  Rate  vs  Rainge  (  Tq  «  90°) 

Fig. 

n-ua 

Load  ractor  vs  Range  30°,  60°) 

Fig. 

lX>llb 

Load  ractor  vs  Range  90°) 

Fig. 

lX-12 

Roll  Angle  vs  Range 

Fig. 

3X-13 

rigbter  Speed  vs  Time 

Fig. 

1X>1^ 

Angle  of  Attack  vs  Tine  (To  *  30°,  6o°) 

Fig. 

]X-l4b 

Angle  of  Attack  vs  Tiaw  (T^  ■  90°) 
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7wm  X  CQ-Ammaat  isad  hbsdis?  xttacx  zob  otbriats 

Vij  «  1516  n/fl«e  Vf  «  lfT97  ft/e«e  Altitude  -  30,000  ft 
iluieuTerlag  T^urgot  loitlml  Rj^t  Torn 
(inltKa  Target  Aspect  Angle  iCo-  30  ,60°^  90®,  120®,  I50®) 

Pig.  X-la  Eaiige  vs  T1jr»  “  30®,  60®) 

Pig.  X-lli  Range  vc  Tine  (iTa  »  90®,  120®) 

pig.  X  -le  Range  vs  Tine  (Vq»  I50®) 

pig.  X-2a  Aalnuth  Qlaibal  Angle  vs  Range  30®,  60®) 

Fig.  X-2b  Azimuth  Glvhal  Angle  vs  Range  (t^  -  90®,  120®) 

Pig.  X-  2c  Arlnuth  Gtmbal  Angle  va  Range  (t^  >  1^0®) 

Pig.  X-3a  Elevation  aiflib>:id  Angle  vs  Range  (t^  -  30®,  60®) 

I'lg.  X-3b  Elevation  Qlmbal  Angle  vs  Range  90®,  120®) 

Pig.  X-3c  Elevation  Glmbal  Angle  vs  Range  •  1^0®) 

Pig.  X-4a  Bate  of  Chauge  of  the  Azimuth  Glabal  Angle  vs  Range 

(t^-  30®71o  °) 

Fig.  X-4h  Bate  of  Change  of  the  Azimuth  Glatbal  Angle  vs  Range 

(^-90®,  120®) 

Fig.  X>4c  Rate  of  Change  of  the  Azimuth  Gliabe^  Angle  vs  Range 
(ro  -  150®) 

Fig.  X-3a  Rate  of  Change  of  the  Elevation  Glubal  Angle  vs  Range 
(fo  -  30°7^®) 

Fig.  X-3h  Rate  of  Change  of , the  Elevation  Glmhal  Angle  m  Range 

(tTo  -  90^  120  ) 

Pig.  X-5ic  Rate  of  Change  of  the  Elevation  Glmhal  Angle  vs  Range 

(•c^»  150™ 
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rig.  x-6a  Total  ImA  Aagl*  r»  Saaga  (i^  ■  30°,  ^°) 

Fig.  X-6b  Total  X«ad  Anglo  va  Kaaga  (t^  ■  90°,  120°) 

Fig.  X-6o  Total  i^ad  Angle  ra  Range  (t^  -  1?0°) 

Fig.  X-7a  Target  Aspect  Angle  ra  Range  (to  ■  30°,  60°) 

Fig.  X-7b  Target  Aspect  Angle  ts  Range  (to  ■  90°,  120°) 

Fig.  X-7c  Target  Aspect  Angle  vs  Range  ('C’o  -  1^°) 

Fig.  X-6a  Reading  Axigle  vs  Range  (tb  <■  30°,  60°) 

Fig.  X-db  Heading  Angle  vs  Range  (  ■  90°,  120°) 

rig.  X>6e  Heading  Angle  vs  Range  (t;^  -  1^°) 

Fig.  X-9a  Azlautb  Anteuw  Rate  vs  Range  (tb  ■  30°,  60°) 

Fig.  X>9b  Aslauth  Antenna  Rate  vs  Range  ('C^-  90°,  120°) 

Fig.  X'9c  Aslfluth  Antenna  Rate  vs  Range  (Tb  *  1^0°) 

Fig.  X>10a  Rlevatlon  Antenna  Rate  vs  Range  •  30°,  60°) 

rig.  X«10b  Rlevatlon  Antenna  Rate  vs  Range  ( tb**  90°,  120°) 

Fig.  X-lOc  Rlevatlon  Antexma  Rate  vs  Range  (  >  1^°) 

Fig.  X-lla  Load  Factor  vs  Range  (tb  -  30°,  60°) 

Fig.  X-llb  Load  Factor  vs  Range  >■  90°,  120°) 

Fig.  X-Ue  Load  Factor  vs  Range  (Tp  »  150°) 

Fig.  X-12a  Roll  Angle  vs  Range  (T",  -  30°,  60°) 

Fig.  X-12b  Roll  Angle  vs  Range  (t^  -  90°,  120°) 

Fig.  X-12c  Roll  Angle  vs  Range  (Tb  «  150°) 
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Pig.  X-13a 
Fig.  X-13b 
Pig.  X-lUa 
Pig.  X-l4b 
pig.  X-lJ^e 

pidure 

Pig.  Xl-1 
Pig.  XI<-2a 
Pig.  XZ-2b 
Pig.  XI-2C 
Pig.  XZ-3a 
Fig.  Xl-3b 
Pig.  XI-3C 
Pig.  XI-4a 

Pig.  XI-4b 

Pig.  XI-Uc 

Fig.  XlT5a 


Fighter  Speed  ve  Tine  •  30**j»  60°,  90°) 

Fighter  Speed  re  Tlae  •  120°,  1^0°) 

Angle  of  Attack  ve  Tlae  30°,  60°) 

Angle  of  Attack  ve  Tlae  (Xj,  ■  90°,  120°) 

Angle  of  Attack  vs  Time  ( '^  >  1^0°) 

XI  OO-AinrODB  ISAD  FORBOIS  attack  ZOB  OVBtLAXB 
Vj  -  1518  ft/eec  Vjr  -  1897  ft/sec  Altitude  -  30,000  ft 
Meneuverlng  Target  -  Ihltlal  J^ft  Turn 
(Initial  Target  Aspect  Angle  ■  0°,30°,6c°,90°,120°,150®) 

Range  vs  Time 

Aziauth  Glabal  Angle  vs  Range  (X^  -  0°,  30°) 

Azimuth  Olnibal  Angle  vs  Reuage  (X^  «  60°,  90°) 

Azimuth  Qlmbsil  Angle  vs  Range  (Xo  ■  120°,  130°) 

Elevation  Glabal  Angle  vs  Range  (x*-  0°,  30°,  60°) 
Elevation  Glabad  Angle  vs  Range  -  90°,  120°) 
Elevation  Glaibal  Angle  vs  Range  (X«  >  130°) 

Rate  of  Change  of  the  Azimuth  Glabal  Angle  vs  Range 

(X^-0°r30®) 

Rate  of  Change  of  the  Azimuth  Glabal  Azjgle  vs  Range 

-  600,  ^) 

Rate  of  Change  of  the  Azimuth  Glabal  Angle  vs  Range 

(Xc,  -  120°,  130°) 

Rate  of  .Change  of  the  Elevation  Glabal  Angle  vs  Range 

(r„  .  o°7^,  60°) 
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Fl«.  XI-5b 

Fl«.  XI-5C 
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